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S^3 Research: Wheelchair Trainer
By
Shawn Wright
Mentors: Dr.Pung, Dr. Farris

Abstract
The purpose of this project was to create a device to allow children with severe handicaps to
learn how to use a powered wheelchair. Lincoln Developmental Center is a school for children
with handicaps that contracted the School of Engineering to build this device. These children
can benefit from a powered wheelchair, but require additional practice to learn how to use one.
This device is essentially a moving platform. The user’s wheelchair is rolled onto it and secured.
The user has control over the platform with a similar joystick to a powered wheelchair’s control.
The scope of this project included two primary stages, design and manufacture. The design stage
produced 3 main designs. Design 2 was a result of an effort to make the device’s manufacture
more feasible. Design 3 resulted from input from Lincoln Developmental Center. This
experiment resulted with a working device that is able to simulate a powered wheelchair.
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Introduction
Currently there are many children who are both physically and mentally handicapped. Many of
these children would benefit from the use of a powered wheelchair; this would improve their
quality of life. Powered wheelchairs are fairly expensive devices. In order to ensure that
funding for a powered wheelchair is not wasted on someone who cannot use it, insurance
companies generally have the applicant demonstrate that they can use a powered wheelchair.
Many of these children have the potential to learn how to use a powered wheelchair, but they
have no means of practicing. This creates a dilemma where these children cannot get a powered
wheelchair without being able to demonstrate they can use it, but that they cannot learn to use it
without having one.
A solution to this problem is to temporarily make their manual wheelchairs powered. A device
that accomplishes this is the wheelchair trainer. Lincoln Developmental Center is a school that is
working to get these children with disabilities into powered wheelchairs. Recently they
contacted Grand Valley School of Engineering to build one of these wheelchair trainers. The
school built two similar models, the second being a revision of the first. These were final
projects in two 300 and 400 level classes in the School of Engineering. These two trainers share
the same shortfalls.
The main issue with these previous trainers is that the drive wheels are located far behind the
center of mass, while the majority of the mass rests on a small caster. Figure 1 demonstrates this;
a wheelchair is loaded onto the black tube frame. This causes traction problems with the drive
wheels, resulting in poor performance. The large stack of batteries, motor controls, and motors in
the back of the unit caused problems with loading. To load a wheelchair a caretaker would have
to reach over this obstruction, and pull the chair up the ramps. This makes the unit difficult to
use and has the potential to cause back injury. The final flaw in this design is that there are
numerous sizes and types of wheelchairs that children with disabilities use. These range from
chairs with small wheels to chairs with different wheel configurations. There is almost no
standardization in these wheelchairs. The previous wheelchair trainers were designed to
accommodate the average adult wheelchair with two large wheels, excluding a significant
number of potential users. These wheels rest in the tube frame, as seen in Figure 1. This
research project was intended to create a wheelchair trainer that solved these issues.

Figure 1: Previous wheel chair trainer.

Apparatus
Software
• Solidworks
• Ansys
Equipment
• Metal Lathe
• Manual Mill [Bridgeport]
• CNC Mill
• CNC Laser Cutter
• Sheet Metal Brake
Design
The design of this wheelchair trainer went through three main revisions. The first design was
essentially a large weldment. It had rectangular steel tubing for the frame. This can be seen in
Figure 2. The drive wheels are positioned near the center of the frame. This would cause an
increase in performance as they are almost directly under the center of mass. Another aspect of
this design was that it contained the ramp in the frame. This would save the space needed to
store ramps. However it would also cause the wheelchair to rest on an incline. The middle

section of the frame is raised higher then the platform the wheelchair sits on. This was an effort
to reduce the vertical height a wheelchair would have to go to get on the trainer.

Figure 2: Design 1 with steel tube frame.
The manufacturing of design 1 would be very labor intensive. As seen in Figure 1 there are
numerous joints in the frame. Each of these would have to be cut by hand and welded. To make
this wheelchair trainer a realistic product this much labor is not possible.
Design 2 is similar to design 1 in that it contains the ramp in the frame. Apart from that
similarity there is little that design 1 and design 2 have in common. The largest improvement in
design 2 is that it is designed almost entirely out of sheet metal. A sheet metal frame requires
only a fraction of the labor that a tube frame has. This causes it to be much more cost effective
then a steel tube frame. Typically a CNC laser cutter is used to cut the parts out of a large sheet,
of sheet metal. Then the parts are bent in a sheet metal brake. This process can be easily
outsourced to local companies.

Figure 3: Initial sheet metal design.
The most significant change in the final revision was removing the ramp from the device,
making it a separate piece. This was a request of Lincoln Developmental Center; the slope
caused by the ramp was considered too steep for users. This final revision can be seen in Figure
4. Having a flat and level platform allows the largest range of wheel chairs possible to be used
on this trainer. In this design the ramps are two separate pieces, making it easer to put them in
place. To prevent the ramps from shifting position when loading a wheelchair they have a
mating feature on the front bumper that prevents them from sliding away from the trainer.

Figure 4: Final sheet metal design.

Final Design Aspects
There are several aspects that are important to highlight in the final design. It features a flat
platform that allows it to accommodate virtually any wheelchair. This is because these
children’s wheelchairs are not standard so anything that is not flat causes problems with fitting
the wheelchair on the device. This design also features drive wheels that are very close to the
center of mass of the device. Although the drive wheels are on the back of the device, all of the
drive train components are housed between them. Even with a large wheel chair loaded, the
majority of the weight is on the drive wheels, not over the two front casters. This is an
improvement over the previous design that had the drive wheels behind the wheelchair. Many of
the performance issues are eliminated with this. The drive wheels are also spaced farther apart
then the previous trainer, boosting performance in turns. This allows them to have a larger
mechanical advantage when attempting to turn.
In order to allow heavy users to be easily loaded onto this trainer a winch was included. Some of
the children that could potentially use this device can weigh over 300 lbs. This and the weight of
their wheelchair would make it difficult to roll them onto this trainer. The winch helps to
overcome this. It consists of a nylon strap that has two hooks to attach to the frame of a manual
wheelchair. The winch pulls these straps; it is located on the back of the trainer. An important
design consideration in including a winch was that there had to be a way to limit the amount of
force that it applies on the wheelchair to avoid possible damage. A friction torque limiter was
modified and incorporated into the winch. This limiter used a spring to vary the amount of force
on a friction plate. The force is limited to approximately 80lbs which is enough force to pull
larger users up, but not so much that it is in danger of causing damage to a wheel chair.
Another important component of this device was the control system used to power the motors. A
pre-packaged system was used that was capable of receiving input from almost all of the
different types of user input devices. This system can accept anything from a sip and puff to a
joystick. This is important because the trainer has to accommodate a broad range of users.
Manufacture
The sheet metal design allowed the majority of the machining to be outsourced to local
companies. Grand Valley College of engineering has a substantial machine shop, but lacks some
of the necessary equipment needed to make this trainer. This includes a CNC laser cutter, as
well as a sheet metal break that can accommodate 40in long 14 gauge steel. This made it
necessary to outsource the cutting and bending of the components. There is an additional
advantage for this specific project by sending this work out to local companies. If Lincoln
Developmental Center were to require an additional trainer, then the same pathway can be taken
to get the components made. If it were done in house then an additional trainer would require
finding a student at GVSU that is a capable sheet metal worker. Additionally sheet metal
forming [the bending of the parts] is a somewhat skilled operation that leaves many opportunities
for error by inexperienced labor. Having this professionally done ensures good results.

This sheet metal design was able to eliminate almost all of the welding in this project. The only
pieces that needed welding were two side rails on the trainer and two side rails on the ramps. It
was not possible to include these features in the bend profile. The bend profile of the component
on the wheelchair trainer with the side rail can be seen in Figure 5. The side rail was welded
between the left edge and the .75” slot.

Figure 5: Front view of bend profile of component with side rail.

Unfortunately this project did require two components to be machined. Machining is unwanted
in a project like this because if additional units are required the skills of a machinist will be
needed. When part volumes are low, costs are high. The labor for this unit was already
available, but if an additional trainer were desired this would not be the case. Either a machinist
would need to be hired, or a student that is also skilled in machining would be required. Both the
torque limiter on the winch as well as the drive wheels required custom machining.
The size of drive wheel that was required for this device could not be found with the correct bore
size to fit onto the output shafts of the motors. This created the need for a custom bushing. This
bushing had a press fit into the wheel hub, and a clearance fit onto the motor shaft, with a
keyway. This bushing was a relatively simple part to make on a lathe.
The second part, the torque limiter, was slightly more complex. This required a cylinder with an
internal shoulder. The cylinder was a piece of thick wall [1/4”] 3” diameter aluminum tubing.
This shoulder fit into the torque limiter, the torque limiter was designed for a sprocket. To save
time and material a disk out of ¼” plate steel was machined to the inside diameter of the
cylinder. This was then press fit into the cylinder. Four machine screws were inserted into this
disk through the cylinder to prevent it from shifting.

Assembly
The assembly of this device is somewhat complex. There is a specific order that must be used to
get everything in it. This is because all the drive components are packaged in a very tight space
to limit the vertical height of the device. Specifically the two lead acid batteries have to be slid
into the unit, followed by the motors. The motors have to have the wheels attached before going
in.
The individual sheet metal components in this device are held together with a significant number
of fasteners. Over 75 #10 button headed cap screws are in this device. This additional cost is
necessary for this device. By using fasteners to hold the pieces together instead of possibly
welding them, a lesser skilled person can assemble the unit. In the event that a small quantity of
additional trainers were produced [less than ten] then virtually anyone could assemble them
without having to know a trade such as welding. If this device were to go into mass production
the majority of the fasteners would be replaced by welds, possibly with a robotic setup.
Results and Conclusions
The results of this research are generally successful. The main goals of redesigning the trainer
were achieved. The initial testing has positive results. With a 150lb load on the front of the
platform the trainer is still able to turn with ease. Loading of a wheelchair is much more natural
when compared to the previous model. The design was also able to provide a flat platform that
is capable of use with virtually any wheelchair. This project was intended for Lincoln
Developmental Center, and that is where it is being delivered. Currently no further plans for
dissemination.

